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Figure Captions
Figures 1: Contributions to 
2
for the isothermal + cooling ow model are shown
for the A1795 cluster. The MED is shown which has greater sensitivity at lower energies
and requires the additional cool component. Comparison to Figure 2 shows that the cool
component does not eect a single channel but eects at least 8 channels between 1.5 - 2.5
keV.
Figure 2: Contributions to 
2
versus energy are shown for the A1795 cluster. The
model used here is the same as in Figure 1 with the addition of a thermal component in
the A2 eld of view, but not in the central 3 arc min. Comparison to gure 2 shows that
the eect of the second thermal component is to reduce 
2
by 17 for 2 additional degrees
of freedom to give a reduced 
2
of 1.
18
TABLE 1: Observation Characteristics
Cluster Z SSS Obs length (sec) A2 MED Obs length (sec) A2 HED obs length
A85 0.0518 1433 5933. 7361.
2662
6512
A478 0.090 4096. 1712. 2606.
3236.
A1795 0.0621 7578. 10355. 12188.
5079.
5571.
A2142 0.090 14213 2455. 3926.
5243
4587
A2147 0.036 5242. 2162. 3954.
6226.
7250.
A2199 0.031 8069. 3423. 3911.
5160.
9420.
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TABLE 2:
1
Basic Models: 
2
/Degrees of Freedom
Cluster 1 RS 2 RS 1 RS + CFLOW 2 RS + CFLOW
A85 192/181 (333/314) 184/178 182/178 169/177 (308/309)
A478 196/120(218/139) 129/118 143/117(175/134) -
A1795 194/141(364/271) 164/139 171/139 165/138(309/266)
A2142 179/184 - - -
A2147 181/154(359/247) 170/152 169/152
2
163/151 (342/242)
A2199 119/118 (319/265) 111/116 113/116 106/115 (285/260)
Fits using all of the SSS les shown in parenthesis
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TABLE 3: Temperatures and Abundances from Isothermal model
Cluster kT (keV) Abundance
A85 5.1 - 6.2 0.24 - 0.58
A478 3.4 - 4.4 0. - 0.25
A1795 5.2 - 6.0 0.41 - 0.73
A2142 8.5 - 11.0 0.23 - 0.86
A2147 3.9 - 6.0 0.12 - 1.23
A2199 3.4 - 3.8 0.57 - 0.84
21
TABLE 4: Best Fit Model Parameters
Cluster kT
high
kT
low
Abundance
_
M
A85 8.6
+3:4
 1:7
1.0
+0:39
 0:28
0.46
+0:39
 0:20
148
+72
 93
A478 8.2
+3:4
 1:7
- 0.
0:91
0:20
1275
2225
795
A1795 9.0
+1:5
 1:5
0.68
+0:15
 0:18
0.68
+0:27
 0:22
220
+40
 80
A2142 9.5
+1:5
 1:5
- 0.44
+:29
 :44
-
A2147 8.0
+9:0
 3:0
1.25
1:25
 0:62
1.4
+2:4
 0:92
22
+11
 14
A2199 4.3
+1:2
 0:5
0.64
+:36
 :34
0.73
+:12
 :22
99
+60
 47:
22
TABLE 5: 10
 14
 Emission Integral for Cool Component
Cluster Emission Integral
A85 0.0175 - 0.0525
A1795 0.033 - 1
A2147 0.0074 - 0.24
A2199 0.035 - 68.
23
TABLE 6: Best Fit Model Parameters
Cluster  a (mpc) n
c
10
 3
cm
 3
L
Gauss
10
43
ergs sec
 1
A85 1.10 - 1.19 0.42 - 0.46 2.8 - 3.7 2.3 - 2.5
A478 1.05 - 1.43 0.31 - 0.63 8.9 - 2.8 2.8 - 5.2
A1795 0.96 - 0.92 0.21 - 0.18 6.2 - 4.1 1.6 - 2.1
A2142 1.43 - 1.80 0.71 - 1.00 < 2. 4. - 7.2
A2147
a
< 0.68 0.17 - 0.31 1.6
A2199 1.06 - 1.19 0.22 - 0.38 1.8 - 3.6 0.6 - 0.7
a
Magri et al. 1988
24
TABLE 7: Gas Mass Fractions in Clusters
Cluster M
g
(10
14
M

) M
iso
(10
15
M

) f
iso
f
=1:1
f
=1:2
f
=1:3
A85 5.3
+0:8
 0:7
3.3
+1:0
 0:7
0.16
+0:06
 0:07
0.25
+0:09
 :11
0.39
+:14
 :18
0.61
:24
 :29
A478 8.8
+10:2
 6:6
3.6
+0:8
 0:8
0.24
+:19
 :16
0.39
+:33
 :28
0.64
+:36
 :47
1.0
 :75
A1795 1.4
+0:5
 0:5
1.2
+:11
 :10
0.11
+0:06
 0:04
0.16
+0:09
 0:06
0.23
+:12
 0:09
0.32
0:18
 0:12
A2142 6.7
+0:5
 0:6
9.8
+1:3
 1:4
0.07 0.13
+0:1
 0:0
0.25
+0:04
 0:02
0.49
+0:13
 0:08
A2147 2.0
+2:3
 0:5
9.8
+5:2
 1:9
0.20
+0:34
 0:15
0.25
+0:42
 0:19
0.31
+0:54
 0:24
0.40
+0:60
 0:31
A2199 1.4
+1:9
 0:9
1.1
+0:2
 0:1
0.13
+0:13
 0:12
0.20
+:20
 0:12
0.31
+:33
 :22
0.48
+0:52
 0:31
25
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Abstract
We have analyzed X-ray spectra from six galaxy clusters which contain cooling ows: A85,
A478, A1795, A2142, A2147, & A2199. The X-ray spectra were taken with the HEAO1-
A2 Medium and High Energy Detectors and the Einstein Solid State Spectrometer. For
each cluster, we simultaneously t the spectra from these three detectors with models
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incorporating one or more emission components comprised of either thermal or cooling
ow models. Five of the clusters (all but A2142) are better t by a multi-component
model (a cooling ow plus one or two thermal components or a two thermal component
model) than by isothermal models. In four of the clusters (A85, A1795, A2147, & A2199),
we nd evidence for cool gas outside of the canonical cooling ow region. These latter four
clusters can be characterized by three temperature components: a temperature inversion in
the central region, a hotter region with an emission-weighted temperature which is higher
than that of an isothermal model t to the entire cluster, and a cooler region with an
emission-weighted temperature of  1 keV. The cool component outside the cooling ow
region has a large minimum emission measure which we attribute, in part, to diuse cool
gas in the outer cluster atmosphere. If at least some of the cool exterior gas is virialized, this
would imply a radially decreasing temperature prole. Together with the density proles
we have found, this leads to a baryon fraction in gas which increases with radius and is
larger than that for an isothermal cluster atmosphere. Consequently, if clusters of galaxies
trace the mass distribution in the Universe, the gas mass fraction we have calculated for
an isothermal gas (which is 15%) together with the nominal galaxy contribution (5%)
gives a baryon fraction of 20%. Using the upper limit to the baryon density derived from
Big Bang nucleosynthesis gives a rm upper limit for 
 (0.5). The isothermal gas baryon
fractions calculated here are lower than earlier estimates due to our utilizing a 3-component
model together with data sets which allow us to remove the inuence of the cooling ow on
the integrated spectrum, as well as possible contaminating emission from unvirialized gas
or discreet sources. Subject headings : galaxies:clustering-X-rays:galaxies-cosmology-dark
matter
I. Introduction
The radial temperature distribution in the X-ray emitting gas in clusters of galaxies has
been dicult to obtain in a model-independent manner using the available data. The
primary reason is that most of the the spectral data taken prior to ROSAT and ASCA
(i.e. from Ginga, HEAO1-A2, Einstein and EXOSAT ) had no spatial resolution. These
data have been used to derive isothermal temperatures for many clusters (Hatsukade 1989;
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Mushotzky 1984; David et al. 1993; Edge et al. 1990). A few clusters have had temperature
proles derived with very coarse spatial resolution. For example, the Virgo cluster has
had a rough temperature prole deduced from two pointings of the Einstein SSS (Lea,
Mushotzky & Holt 1982), who found the center to be relatively cool) and a scanning
observation with the Ginga LAC (Koyama, Takana, & Tawara 1991, who found the gas to
be isothermal to the north and with a rising temperature to the south). Cowie, Henriksen,
and Mushotzky (1987), Henriksen and Mushtozky (1986) and Henriksen (1987) t a model
utilizing a polytropic equation of state to the HEAO1-A2 data for eleven clusters which
included Coma and Perseus. They and found evidence for non-isothermality in seven
of the eleven clusters. The choice of a polytropic temperature and density relationship
was justied because outside of the central region, gas processes are expected to proceed
adiabatically since the radiative loss timescale is very long. The data used in their analysis
was restricted to > 2 keV and reduces sensitivity to the cooling ow while still retaining
sensitivity to a decrease in temperature with radius. In the Coma cluster (A1656), multiple
EXOSAT pointings were used by Hughes, Gorenstein & Fabricant (1988) and Edge (1990)
to show that the the temperature declines beyond 25
0
; spatially resolved spectra from
the coded mask telescope Spacelab 2 also show this decline, but with poor statistical
signicance (Watt et al. 1992). More recently, BBXRT provided crude spatial information
from a segmented detector construction; while it provided very good spectral coverage of
the cooling ow regions of a few clusters, its small eld of view relative to the total
extent of cluster emission prevented it from mapping gas much outside their central regions
with its limited number of pointings. Nonetheless, ASCA observations of the Perseus
(A426) (Arnaud et al. 1994) and BBXRT observations of the Fornax (Serlemitsos et al.
1993) clusters show temperatures rising outward in the central region. The latest results
from ASCA observations of clusters are ambiguous in their implications regarding the
temperature prole of the hot component of the intracluster medium. On the one hand, the
inner region of nearby clusters do not appear to have temperature gradients (Mushotzky
1995), however, a number of those at higher redshift show steep temperature gradients
(Markevitch 1995). These latter clusters may reect a temperature prole peculiar to a
recent post-merger system or they may simply show a temperature drop which occurs
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outside of the eld of view for the nearby clusters.
Most of the pre-ASCA imaging data has come from the Einstein Imaging Proportional
Counter (IPC) and the ROSAT Position Sensitive Proportional Counter (PSPC), which
are relatively insensitive to temperature changes in the intracluster gas above 2 keV;
PSPC observations require long integrations to detect potential temperature gradients.
However, groups of galaxies have characteristic temperatures of  1 keV and therefore
are ideally suited to the ROSAT PSPC for temperature prole determinations over large
fractions of the groups' X-ray emission. In fact, the few groups with temperature proles
reported so far | HCG 62 (Ponman & Bertram 1993) and NGC 5044 (David et al. 1994)
| show non-isothermal emission in the form of relatively cool gas both in the central
regions and in the exterior regions of the intragroup medium. Deconvolutions of IPC data
indicate the presence of relatively cool gas in the central regions of some clusters (Arnaud
1988). In other work, the Einstein Solid State Spectrometer (SSS) data from the central
regions of clusters have been t by a spectral model consisting of a cooling ow model plus
an isothermal model in order to derive cooling ow accretion rates and column densities
of neutral hydrogen (D. White et al. 1991). Large column densities of neutral hydrogen
were found to be associated with the cooling ow clusters in this sample. BBXRT data
(Mushotzky 1993) and a joint analysis of SSS and Ginga LAC data (R. White et al. 1994)
has conrmed these results and placed new constraints on abundance proles in cooling
ow clusters.
One can obtain crude spatially resolved spectral information about clusters by combining
spectra taken by instruments with dierent elds of view. In this paper, we present the
results of such an analysis: we jointly t Einstein SSS (small eld of view) and HEAO1-
A2 (large eld of view) spectral data for six cooling ow clusters to determine if there is
cool intracluster gas in addition to the central cooling ows. Cool intracluster gas at large
radius could potentially be in the form of virialized gas or unvirialized cool gas found in
the outer parts of clusters in simulations of cluster formation and evolution (Thomas &
Couchman 1991; Katz and White 1993).
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Henriksen (1995) showed that the average baryonic mass fraction calculated for the HCG62,
NGC5044, and NGC2300 groups is consistent with ' 20% when calculated out to the
visible extent of the X-ray emission. This value is consistent with the canonical value for
rich clusters. More data was recently obtained on N2300 and is consistent with a high
baryon fraction, 10 - 16% (Davis et al. 1995). As with clusters, the value of the baryon
fraction in groups depends on the extent of the gas. Unfortunately, this is typically poorly
determined. If groups trace the mass density of the Universe, then this argues for a value
of 
  0.30. Pildis, Bregman, and Evrard (1995) report a similar baryon fraction in three
additional groups.
II. Data
A. Spectra
We analyzed spectra taken with the Einstein Observatory SSS (Holt et al. 1979) and with
the Medium and High Energy Detectors (MED and HED) on HEAO1-A2 (Rothschild et
al. 1979). A log of the spectral data can be found in Table 1.
The energy band of the SSS is 0.5{4.5 keV and the eld of view is circular with a radius of 3
arc min. The combined MED and HED energy band covers 1{60 keV and the large eld of
view detectors of A2 have a 3

3

FWHM, pyramidal spatial response. The A2 detectors
have a well-determined internal background and the sky X-ray background is determined
in a 6

oset mode. The energy resolution for the A2 detectors is 15 - 20% at 6 keV.
The A2 has a systematic calibration error of less than 1% (Marshall et al. 1979), which is
not included in the modeling because it is negligible when compared to the random error
of even the highest signal-to-noise A2 cluster observation, Coma. The highest signal-to-
noise in any channel in the A2 observation of Coma is 2%. The observations presented in
this paper are of signicantly poorer quality than this and do not warrant adding in the
systematic calibration error.
The background subtracted spectral data for each detector are grouped, if necessary, to
insure that there are enough counts (20{30) in each channel to give accurate parameters in
5
a 
2
test (Nousek and Shue, 1989), without degrading the energy resolution (approximately
3 channels),
Since each cluster has multiple SSS spectra, we tested whether their normalizations are
equal by considering both tied and independently varying normalizations when using a
ducial isothermal model. Pointing error or drift during integrations could result in varia-
tions in the incident ux on the relatively small aperture of the SSS. In tting isothermal
Raymond-Smith models to the SSS data, we found for three of the clusters (A2147, A2199,
& A478) that letting the normalizations vary reduced 
2
signicantly (with >90% con-
dence); this reduction in 
2
is of the order of that seen when we add an additional
abundance or absorption component to the multicomponent models we consider below.
The best-t values of the independently varying normalizations were all within their re-
spective 90% condence ranges of one another, however. Joint tting of the models, which
typically have 8 free, physically interesting parameters, makes it impractical to let all of the
normalizations vary for each spectrum since this would add 3 to 6 more free parameters.
Typically, 40{60% of the total observation time is contained in one SSS spectrum, so we
have used the single SSS spectrum with the longest observation time for each cluster to
make a less ambiguous determination of the best t model required for each cluster. How-
ever, to insure that we have not overlooked a subtle absorption or abundance component
in the SSS and to minimize the error bars on interesting paprameters, we ret the best
tting model to all of the SSS spectra (with tied norms) plus the A2 spectra.
Some of the SSS observations are characterized by periods of ice formation on the detector
which increases the absorption of soft X-rays. The ice formation problem has been modeled
(Christian et. al 1992) and observations with high ice formation during an integration (i.e.
those with changes in the ice parameter of > 0.1) are not used.
The pointing of the SSS for each observation is checked against the centroid of the IPC
emission from the cluster for coincidence. There are multiple observations for most clusters
and short observations, 1{2 ksec, are not used when they are a small fraction of the total
observing time in order to minimize any uncertainties associated with requiring the total
uxes to be equal (tied norms) in the model tting procedure.
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Source contamination must be considered in data from large collimators such as the large
eld of view detectors on HEAO1-A2. The possibility that the cool components reported
in this paper are due to contaminating sources was checked using ROSAT PSPC elds.
For A2199, A2147, A85, and A1795, the contribution from non-cluster sources, normalized
to the A2 energy band is 5%, 7%, 14%, and 20% of the measured cool component emission.
The PSPC eld of view has a one degree radius. The A2 HWHM is 1.5

so that it extends
beyond the PSPC eld of view. Thus, an estimate of the contribution from non-cluster
sources to the cool component could be slightly higher. The conversion of PSPC ux
to the A2 bandpass uses the best t spectrum of non-cluster sources to estimate their
contribution. The best t spectra are not, in general, similar to that found for the cool
component.
B. Images
The analysis of the images and results for ve of the six clusters is taken from Henriksen
(1987). The procedure for preparing the Einstein images is similar to that described in
Jones and Forman (1984). The most signicant dierence is the treatment of the central
region of the cluster surface brightness prole. We t a model consisting of the prole, S/S
c
= (1 + (
r
a
)
2
)
 2+1=2
with a Gaussian function, I
c
exp(-
1
2
(
r

)
2
), which makes a signicant
contribution in the central region. In all of the clusters, the single prole could not t the
central region, however, the addition of the Gaussian provided a good t to all of the data.
The total emission in the Gaussian component is 2
2
I
c
and is given in Table 7 along with
the other t parameters,  and a. The central density is derived from the normalization of
the HEAO1-A2 spectrum in the isothermal t,
1
4D
2
R
n
2
e
dV cm
 5
.
III. Spectral Models
We t spectral models ranging from the simplest (a single Raymond-Smith thermal compo-
nent) to complex (cooling ow plus two thermal components). The single thermal spectral
model is characterized by ve parameters: the temperature; the metal abundance (speci-
ed as a fraction of Solar); the column density of neutral hydrogen in the line of sight N
H
,
the redshift; and the normalization. Given the spectral resolution of this data, the redshift
7
is xed at that determined optically, leaving four free parameters.
The predicted spectrum for the thermal components is a product of the cooling function
(T ) (in units of ergs cm
3
sec
 1
), the emission measure
R
n
e
n
i
dV (in units of cm
 3
), and
the absorption, exp(-N
H
), folded through the energy response matrix of the detector. The
cooling function for a low density plasma in collisional ionization equilibrium is described
in Raymond & Smith (1976) and the absorption cross-sections, , is given in Morrison &
McCammon (1983). The column density is xed at the galactic value (Stark et al. 1992),
although the hypothesis of additional absorption in the cooling ow region is tested. The
A2 spectra are not sensitive to the column density, but the SSS spectra are; if there
is additional absorption above the galactic value then xing the column density at the
Galactic value will raise the temperature and lower the abundance of the gas in spectral
ts to the SSS data.
The cooling ow spectral model (CFRS) is an empirical model Mushotzky & Szymkowiak
(1988) which allows measurement of the mass inow rate in the cooling ow. There are
potentially 5 free parameters in this model: the mass accretion rate, the temperature
from which the gas cools (T
high
in Table 4), the temperature to which the gas cools, the
elemental abundance relative to Solar abundances, and the slope of the power-law which
describes the distribution of emission measure versus temperature. The temperature which
the gas cools to is xed at 80 eV so that there are four free parameters. The temperature
the gas cools from is tied to the temperature of the hot thermal component which dominates
the HEAO1-A2 spectrum. It is not necessarily equal to the emission-weighted temperature
of the entire cluster derived from isothermal models (as assumed in D. White 1991). The
abundance in the cooling ow is tied to the abundance of the HEAO1-A2 spectrum, which
is dominated by a strong Fe K feature at 6.7 keV. Initially, the abundance is required
to be constant across the cluster. The slope is left as a free parameter. The best tting
model is also ret with the slope xed at 0 (corresponding to isobaric cooling). Freeing
the slope, evaluated by the F -test, does not improve the t to the data for A478, A2199,
and A1795. For A85, there is a 75% probability that the t is improved by freeing the
slope and there is a 90% chance that freeing the slope improves the t for A2147. As
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discussed earlier, one of the assumptions in tting data sets such as the SSS is that all
of the pointings have the same ux. For comparison, letting the relative ux in the SSS
pointings vary for A2147 produces as much of an improvement as freeing the slope in the
cooling ow model. The cooling ow mass inow rates quoted in this paper utilize a model
with a variable slope. Specic values of the slope describe dierent dynamical states of the
cooling ow (e.g. radial pressure gradients) and with higher quality data, this parameter
could be determined. A second Raymond & Smith (RS) component is added to the cooling
ow plus a RS (CF2RS) and is required to contribute only to the HEAO1-A2 spectra to
directly detect cool gas in the outer cluster atmosphere.
IV. Results
Table 2 summarizes the models t to the three spectral data sets (SSS, MED, and HED).
The best-t value of 
2
and the number of degrees of freedom are shown so that the
signicance of adding more degrees of freedom in the form of model parameters is apparent.
The models are arranged so that the number of model parameters increases across the table.
Fits utilizing all of the SSS data les are shown in parenthesis, while those which use the
highest signal-to-noise observation are not.

2
and the degrees of freedom in Table 2 show that the isothermal model is a poor t
to all of the cluster spectra except A2142. For comparison to the spectral results from
the Einstein, EXOSAT, and GINGA, we present the best tting isothermal parameters in
Table 3. An additional Raymond & Smith thermal component is added to the previous
isothermal model, creating a dual-temperature model denoted as 2RS. Fixing the redshift
and tying the abundance of this second component to the rst leaves an additional two free
parameters: an independently varying temperature and normalization (emission measure).
Five of the clusters (all but A2142) are better t by a multi-component model (2RS, CFRS,
or CF2RS) than an isothermal. Table 4 contains the best t parameters with 90% error
bars for the preferred model for each cluster. The preferred model is the best tting model
exclusive of the two Raymond and Smith component model. Two component models
have generally been attributed to a spectrum consisting of a cooling ow and the hot
atmosphere. Since our purpose is to search for cool gas in the outer atmosphere, we merely
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use the cooling ow model to t the spectrum in the central region of the atmosphere. We
note that for A478 and A1795, the two component model is as good of a t to the data as
the best tting cooling ow model. This area is investigated further by Henriksen and Silk
(1995) who oer an alternative interpretation of the two component spectrum: that the
cool component may be due to bright early type galaxies or the intergalactic gas of accreted
groups. In this interpretation, the two component model is an accurate description of the
gas. For two of the clusters (A2142, A2199), use of all of the SSS data les reduced the
error bars and is used in Table 4, otherwise, the values are for the single SSS le with the
longest exposure time (since this avoids the variable normalization problem). The mass
inow rates rates are consistent with those found by White et al. (1991) though these
authors used only the SSS data with T
high
xed at the isothermal temperature of the
cluster determined by Edge (1989).
In order to determine whether there is cool gas outside of the cooling ow, we added a
temperature component to the CFRS model and constrained it to be in the HEAO1-A2
eld of view, but outside the SSS eld of view. Initially, this model had one more free
parameter than the CFRS model since the normalization of the cool component is required
to be equal to the hot component. This test was done using a reduced number of SSS data
sets to remove the uncertainty due to ux variation in the SSS pointings. There are 8 free
parameters and initially the hot and cool components normalizations were tied inorder
to introduce only one new free parameter and look for changes in Chi-square. Later, the
normalizations were untied; this additional degree of freedom is not signicant. The F -test
shows that there is a cool component in 4 of 6 clusters with greater than 99% condence.
Figure 1 shows the CFRS model (no outer component) t to A1795. Comparison to Figure
2, with cool component added shows that the part of the spectrum with requires the cool
gas is spread over primarily 8 grouped channels in the energy range of 1.5 - 2.5 keV range
of the Medium Energy Detector. This together with the fact that two out of six clusters
do not require the additional cool gas argues strongly against either systematic errors in
calibration or a akey channel as the source of the cool gas.
However, the cool component ux evaluation was done using all of the data sets and
allowing the normalization of the cool component to be free. The normalization is a t
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parameter derived from tting the model to the spectral data. Table 5 contains the 90%
error on the normalization or emission measure for the cool component outside of the
central region. The normalization (in units of 10
14
cm
 5
) is related to the ux by the
equation, Flux = (Norm)(K   correction)((T)). The normalization is the emission
measure and is given by
1
4D
2
R
n
2
e
dV, where D is the distance to the cluster, n
e
is the
electron density, and (T) is the cooling function. We nd that the cool component
contributes 16{47% of the 1{10 keV ux in the A2 detector. Taking the minimum (90%
condence) emission integral for the cool component gives a contribution of 5, 19, 20, 31%
for A85, A2147, A2199, and A1795, respectively, to the total ux. The ux of non-cluster
sources in the same energy band to the cool component, in the same order, is 14%, 7%, 5%,
and 20%. It is interesting to note that there is no correlation between the ux of the cool
component and the ux of the non-cluster sources. Ordering the clusters from lowest cool
component ux to highest is: A85, A2147, A1795, and A2199. Ordering by non-cluster
source ux gives: A2147, A85, A2199, and A1795. We also t a cooling ow added to two
RS components with the constraint that all of the cool material (cooling ow plus cool RS
component) be in the SSS eld of view; this is a way to test the robustness of the cooling
ow model and whether there is additional cool material associated with the cooling ow
as opposed to the additional cool gas originating outside of the central region. For all of
the clusters which require a a cool component, the restriction that it be contained in the
central region provides a signicantly worse t than if it is all outside of the central region.
The best tting model for each cluster is used to test whether or not the data require
additional absorbing material or increased abundance in the cooling ow. A single pa-
rameter is set free (either the absorption or the abundance in the cooling ow) and the
data are ret. 
2
is improved for both free abundance and absorption in one cluster,
A2199. The probability that the change in 
2
is signicant based on the F -test is 95% for
a higher abundance in the cooling ow component, and 90% for higher absorption in the
cooling ow. Two other clusters are better t with a higher column density than Galactic:
A478, and A2142. A478 has a higher absorption in the cooling ow with greater than 99%
condence. The mass inow rate with Galactic column density is 657 M

yr
 1
for A478
and 1275 M

yr
 1
with additional absorption in the cooling ow; the approximate best
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t intrinsic absorption is 1.4 10
21
cm
 2
, nearly equal to the Galactic value. The best
t intrinsic column density for A2142 is 7.10
20
cm
 2
, approximately twice the Galactic
value and it is signicant at > 99% condence. Retting using all of the SSS data with
normalizations tied indicates an absorption and abundance gradient in A1795 with the
cooling ow having a lower abundance than the ambient components. Comparison of the
abundance from tting an isothermal model to the ux weighted abundance calculated
from the best t abundances of the individual components indicates that the abundances
is likely too high in the abundance separation found with the multicomponent models. We
t only the SSS les for A1795 with all parameters tied. We then allowed all of the column
densities to be dierent or all of the abundances to be dierent or all of the temperatures
to be dierent or all of the normalizations to be dierent, in turn. 
2
drops by the same
amount for either free norms or free column densities so that the increased absorption
in A1795 is a tentative result. Letting the column density and abundance go free in the
cooling ow indicates that they are larger than in the hot component with 80% probability,
however, the 1 error is consistent with a constant value.
V. Discussion
A. Non-isothermal Gas
By tting a range of models, from single to multiple components, we have found that
the best tting model for the central region consists of either a 2RS or a CFRS. There
is cool gas outside of the central 3 arcmin ( 0.2{0.5 Mpc). The gas has a large emission
measure and we argue below that it can not be from cooling ow gas extending beyond
the SSS eld of view. Because the cool component does have large emission measure, we
conclude it must occupy a large volume in the outer atmosphere of the cluster. PSPC
observations by Briel, Henry, & Bohringer (1991) have conrmed that the X-ray emitting
gas may extend out to 3 Mpc in clusters (Henriksen & Mushotzky 1985). The A2 detectors
have a signicantly larger eld of view than Ginga or EXOSAT and are more likely to
contain a contribution from cool gas in the outer atmosphere since the density of the gas
typically decreases as r
 2
, and there must be a large contributing volume to be detectable
in the cluster spectrum. Indeed, the contribution to the ux in the HEAO1-A2 detectors
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indicate that the cool component is 16%, 23%, 40%, and 47% of the total ux in the 1{10
keV band for A85, A1795, A2147, and A2199, respectively. The cooling ow component is
47%, 36%, 9%, and 13% for these clusters, respectively. The cool component can not be
attributed to poor modeling of the cooling ow component since it is always substantial
and in half the clusters greater than the cooling ow component. Indeed one does not
see an obvious relationship between _
M
and the cool component such that it would be
attributed to poor modeling of the cooling ow. In the case of A478, which has the largest
_
M
, no cool component is even found. One should keep in mind that the cooling ow is
also constrained by the SSS data. A related possibility is that the cool component is
due to cooling ow gas spilling out of the SSS eld of view. Cooling ow temperature
proles generally increase with radius. If this is the case, then the part of the cooling ow
detected as the cool component by the A2 detector would always come from gas located
nearer to the hot component than that part of the cooling ow detected by the SSS. This
would imply that the temperature of the cool component should be substantially higher
than the cooling ow component. Since this trend is not found, it is unlikely that the cool
component is due to cooling ow gas outside of the SSS eld of view.
B. Mass Components
X-ray spectral and imaging observations can be used to calculate the gas mass and total
gravitating mass for groups and clusters. This was done recently by David et al. (1994)
using ROSAT imaging observations. What we have done dierently is performing a spectral
deconvolution of the temperature components in the cluster gas. We have shown that
there are at least three temperature components which aect the spectrum and combine
to give the emission weighted temperature of a cluster measured by a large eld of view
detector such as HEAO1 A2, GINGA, EXOSAT , or MPC. The cooling ow must be
removed since only the gas which has not suered substantial radiative losses is strictly
in hydrostatic equilibrium with the cluster potential. The low temperature gas in the
diuse cluster atmosphere which we have found may be due to a decrease in the cluster
gas temperature with radius, similar to what is observed in groups, but it may also have
other contributions including unvirialized gas. Even if the hot atmosphere is isothermal,
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removal of the cool components results in a more accurate hot component temprature
and therefore a more accurate total gravitating mass calculation. To parametrize the
temperature prole, we use a polytropic temperature and density relationship which is a
convenient empirical relationship. The temperature prole is,
T(r) = T
c
[1 + (
r
a
)
2
]
 ( 1)
and the density prole is given by,
n(r) = n
c
[1 + (r/a)
2
]
 
.
Delta is determined from tting the surface brightness radial prole, if the spectral response
of the detector is insensitive to the temperature changes in the gas or if the gas is isothermal.
Because the EINSTEIN IPC is generally insensitive to temperature changes in the gas one
can get a well determined density prole for clusters. For the clusters analyzed in this
paper,  is determined to 5 - 10%. The density prole is integrated, assuming spherical
symmetry, and the gas mass is given by,
M
gas
(< x
cl
) = 2.810
13
(
a
0:25Mpc
)
3
(
n
c
510
 3
)
R
xcl
0
x
2
dx
(1+x
2
)

h
 5=2
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M

The gas mass is calculated using the core radii, , and central densities in Table 6 and is
contained in Table 7. The cluster masses are calculated out to 10 core radii. The extent of
the gas was derived from a comparison of the Einstein IPC and HEAO1-A2 uxes for these
clusters (Henriksen and Mushotzky 1985) and has been conrmed by Mushotzky (1994)
using PSPC images of A1795 and A478.
The temperature and density proles are substituted into the equation of hydrostatic
equilibrium to derive the total mass distribution:
M
tot
= 1.92x10
14
(
T
c
10keV
)(
a
0:25Mpc
)
x
3
(1+x
2
)
(1+( 1))
h
 1
50
M

The ratio of the gas to total mass gives the baryon fraction in the gas; this is calculated over
the same extent as the gas and shown in Table 8. Henriksen (1994) found that the lower
limit to the baryon fraction ( 20%) in groups using observations reported by Henriksen
& Mamon (1994), David et al. (1994), Mulcahey et al. (1993), and Ponman & Bertram
(1993) simply by using the visible extent of the gas as to calculate the baryon fraction.
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The baryon fraction is calculated for the extent of the gas in the PSPC observations and is
a lower limit since it is increasing for the NGC2300, NGC5044, and HCG 62 groups. The
extent of the gas is, in general, poorly determined. Henriksen & Mamon (1993) shows that
in gases where the temperature prole decreases with radius, the gas mass will increases
faster than the total mass and the baryon fraction will increase with radius. Davis et al.
(1995) have obtained more PSPC data for the N2300 group and have revised the baryon
fraction found by Mulchaey et al. (1993) to the range 10 - 16%. The baryon fraction in
a non-isothermal distribution characterized by  relative to an isothermal distribution is
given by:
f

f
iso
=  (1 + (
r
a
)
2
)
(1 )
For these clusters, if the temperature prole is characterized by a  of  1.1 (as favored in
the simulations of Thomas & Couchman) in which the cool gas is due in part to virialized
gas and also unvirialized cold gas, then the average baryon fraction in gas is 23% (see Table
8). If all of the cool gas found outside of the cooling ow in this paper were virialized,
this would imply a larger  in which the baryon fraction may approach 1 at large radii
(i.e., the visible baryons in gas and galaxies approaches the total mass of the cluster).
The rm lower limit is for the isothermal atmosphere with the hot gas tempertures in
Table 4. Using these values, the baryon fraction in gas is  15%. With an additional
5% baryons contributed by galaxies, the lower limit would be 20%. David, Jones, and
Forman (1995) conrm our results using an isothermal model applied to observations of
groups and clusters. The presence of cool gas in the cluster atmosphere simply lowers the
measured isothermal temperature and gives a smaller value for the total cluster mass and
a larger gas mass fraction. Two of our clusters, A85 and A1795 are in their sample. The
isothermal temperatures for these clusters in Table 3 agree very well with their isothermal
temperature from GINGA and EXOSAT . The dierence in spectral modelling accounts
for the slightly higher value of the gas mass fraction they nd.
Conclusions
A radial temperature prole is necessary to derive the gravitating mass component depen-
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dence on radius. We have shown that there are departures from isothermality for a number
of rich clusters, in addition to that associated with the cooling ow, and argued that it is
in the outer cluster atmosphere. A temperature prole which decreases with radius results
in an increasing baryon fraction with radius. This implies that the baryon fraction may be
even higher than 20% and implies a low 
 (< 0.3) Universe. If we consider the uncertainty
in 

b
measured from Big Bang Nucleosynthesis, then using the upper limit on 

b
of 0.1
(Krause 1994) along with the lower limit of the baryon fraction in clusters of 0.2, we derive
a very robust upper limit on 
 for the Universe of 0.5h
 1=2
50
. The primary assumption here
is that clusters adequately trace the mass in the Universe.
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